Background and aims To examine whether older people with markedly dual task-related decreases in walking speed -a marker of disturbed higher-level gait control and falls -have a larger discrepancy between real and imagined Timed Up and Go (TUG) test times than those with less dual task-related decreases in walking speed. Methods Based on a prospective cross-sectional study, 193 older adults (mean age 77.4 ± 5.9 years; 44.0 % women) referred to and consecutively assessed at a Swiss university clinic for a gait analysis to assess either gait disorders, fall risk or memory disorders were included. For all participants, walking speed was measured using a GAITRite Ò electronic walkway system during usual walking at self-selected pace and while dual tasking (i.e., usual walking and simultaneously counting backwards out loud). In addition, real Timed Up and Go (TUGr) and imagined Timed Up and Go (TUGi) (i.e., the time needed to imagine performing the TUGr) times were measured with a stopwatch. Differences between both walking conditions for walking speed (delta of walking speed) and both TUG conditions (delta of TUG time) were calculated. Age, gender, height, total number drugs taken per day, daily use of psychoactive drugs, use of walking aid, history of falls, Mini-Mental State Examination score, near vision and education level were used as covariables in this analysis. Results Participants were categorized into two groups based on being in the lowest tertian (i.e., \33 %: group A corresponding to participants undisturbed by dual task) or not (i.e., C33 %: group B corresponding to participants disturbed by dual task) of the delta of walking speed. In both groups, TUGr and TUGi times were similar (P = .169 and P = .839). In both groups, TUGi was faster than TUGr (P \ .001). Delta of TUG time was significantly greater in group B compared to group A (P \ .001). After adjustment for all covariables, only the delta of walking speed was significantly associated with the delta of TUG time (P = \.001). Stepwise backward regression showed that polypharmacy (P = .017) and delta of walking speed (P = \.001) were associated with an increase in delta of TUG time, whereas an increased MMSE score (P = .030) was associated with a decrease in delta of TUG time. Conclusion These findings show that a large discrepancy between real and imagined TUG performances is significantly correlated with a decrease in walking speed while dual tasking, and thus may also be a surrogate marker of disturbed higher-level gait control. The quickly and easily performed TUG tests may represent a feasible, practical screening tool for early detection of higher-level gait disorders in older adults.
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Introduction
Decreased walking speed while dual tasking compared to usual walking as a single task has been frequently reported among older adults and has been interpreted as a marker of disturbed higher-level gait control leading to unsafe gait and falls [1] [2] [3] [4] . The real (actual) Timed Up and Go Test (TUGr) evaluates mobility in older adults [5] and has been used extensively in geriatric medicine [6] . Recently, it has been shown that an imagined version of the TUG (TUGi) may be used clinically to assess changes in gait control in older adults [7] . More precisely, it was suggested that a large discrepancy between real and imagined TUG times was a marker of disturbed higher-level control of gait and disturbed global cognitive function [7] .
Motor imagery, defined as mentally envisioning an action without actually performing it [8] , is widely used to investigate the control of movement [9] . Studies have shown that imagined and real movements recruit similar neural networks and preserve the same spatiotemporal characteristics, suggesting that they have similar motor representations [10, 11] . Differences in performance between real and imagined movement have been shown in older as compared to younger adults [12, 13] as well as in patients with movement disorders [14] [15] [16] , suggesting that such discrepancies may mark abnormal control of movement.
Both the dual task-related decrease in walking speed and the difference in performance between real and imagined movement may be related to abnormal higher-level gait control [1] [2] [3] [4] 7] . We hypothesized that discrepancies between the TUGr and its imagined version (TUGi) could be associated with a dual task-related decrease in walking speed. Our objective was to examine whether older people with markedly dual task-related decreases in walking speed-a marker of disturbed higher-level gait control and falls-had a larger discrepancy between TUGr and TUGi times than those with less dual task-related decreases in walking speed.
Methods

Participants
The 193 participants (mean age 77.4 ± 5.9 years; 44.0 % women) in this prospective cross-sectional study were consecutive patients of the Basel Mobility Center between January and August of 2007. Patients were (a) inpatients at the University Hospital Basel, referred by their attending physician for a gait analysis because of gait disorders and/ or falls; (b) community-dwellers, referred by their family physician for a gait analysis because of gait disorders and/ or falls; (c) older cognitively healthy participants of a longitudinal study at the University Hospital Basel Memory Clinic on cognitive changes associated with aging; or (d) outpatients from the University Hospital Basel Memory Clinic, referred by their family physician because of memory problems. Exclusion criteria were inability to walk 15 m without assistance (from a person or a walking aid) and severe dementia (i.e., diagnosis of dementia made according to the DSM-IV criteria, with a Mini-Mental State Examination (MMSE) [17] score \10). None of the participants fulfilled the exclusion criteria. Only data from baseline visits were analyzed. There were no drop-outs. Baseline characteristics are summarized in Table 1 .
This study was conducted in accordance with the ethical standards set forth in the Helsinki declaration (1983). The study was approved by the local ethics committee.
Clinical assessment
A patient history was taken from and a medical examination was conducted on all participants by a physician at the Basel Mobility Center or the Memory Clinic. Only the Memory Clinic outpatients had a cognitive diagnosis based on neuropsychological test results, yet the MMSE was performed on all participants included in this analysis. Cognitive impairment was defined as a MMSE score \26 points. Information regarding medications was provided by the referring physician and/or reported by the patient. The use of a walking aid, a history of falls in the year prior to gait analysis and the level of education were also selfreported. Near vision was measured at a distance of 0.5 m with a Snellen letter test chart. Body height and weight were measured with shoes on, since participants wore their shoes for the TUG tests and the gait analysis.
Timed Up and Go test (TUG), real and imagined
The two TUG tests were successively performed in a nonrandomized order: first the real and then the imagined TUG test. The TUGi is based on a mental chronometry approach, which is a tool in neuroscience used to measure the time course of mental operations (7). When using this approach, the first step is to perform the motor test and then the second step is to imagine the same motor test. Thus, the order cannot be randomized.
TUG real (TUGr)
Testing procedures have been previously described [5, 7] . In brief, participants sat in a chair (with armrests, seat 46 cm from the ground) and received the standardized verbal instructions from the test administrator to (at the word ''go'') stand up, walk at their normal pace around a small traffic cone (height 23 cm, diameter of base 18.5 cm) 3 m away, return to the chair and sit down again [5] . If the verbal instructions were not understood, the test administrator provided a visual demonstration by walking the course. If the participant had no questions, the test was performed without a practice trial. Performance was timed to the nearest full second with a stopwatch, which was started at the word ''go'' (''ready-set-go'') and stopped when the participant was seated again. The test was not repeated. Participants were not informed of their test time performance. Participants wore their normal shoes and performed the TUGr without walking aids. Two slight differences to the original test description by Podsiadlo and Richardson are to be noted: the 3-m distance was marked with a small traffic cone rather than a line on the floor, and participants sat with their arms resting either on the chair's arms (as described by Podsiadlo and Richardson) or in their lap, whichever the participant did spontaneously.
TUG imagined (TUGi)
After the TUGr, the participants remained seated and the TUGi was administered. Participants received standardized verbal instructions to, at the word ''go'', imagine performing the TUGr and to then say ''stop'' when, in their imagined performance, they sat back down. Performance was timed to the nearest full second with a stopwatch, which was started at the word ''go'' (''ready-set-go'') and stopped when the participant said ''stop''.
Gait analysis
Gait analyses were performed according to the European guidelines for clinical applications of spatio-temporal gait analysis in older adults [18] using the GAITRite Ò system (GAITRite Ò Gold, CIR Systems, PA, USA). This system consists of a 972 cm long electronic walkway with integrated pressure sensors placed every 1.27 cm over an active electronic surface area of 792 9 610 cm, giving a total of 29,952 sensors. The scanning frequency was 60 Hz. Data from the mechanically activated sensors were collected by onboard processors and transferred via cable and serial port to a computer and analyzed with the GAITRite Ò software version 3.8. The walkway was flanked at the beginning and end by 1.25 m long optically identical yet electronically inactive walkway sections. Acceleration and deceleration phases of gait occurred on these electronically inactive sections, insuring measurement of gait parameters under steady state conditions. Participants wore their normal shoes and performed the gait analysis without walking aids.
Before testing, standardized verbal instructions regarding the test procedure were given by the test administrator, as well as a visual demonstration if the verbal instructions were not understood. No practice walks were performed before testing.
Each participant performed two walks. The first was the single task of walking forward at a self-selected pace (referred to in this text as usual walking and abbreviated UW). The second was the dual task of usual walking while simultaneously performing serial subtractions from 50 by 2 s out loud (working memory task). No instructions regarding task prioritization were given. Each participant performed each walk once. 
Safety measures
During the TUGr and the gait analysis, participants wore a Posey Ò safety belt around their waist and were accompanied by a test administrator walking at arm's length allowing easy grasp of the belt should a subject have stumbled.
Outcome measures
The following outcome measures were recorded: mean ± SD of walking speed (cm/s) during usual walking and during dual tasking, and the mean ± SD of TUGr and TUGi times (s). Age (years), gender, height (cm), total number of drugs taken daily, daily use of psychoactive drugs (anxiolytics, neuroleptics, antidepressants, antiepileptics, antidementives), use of a walking aid, history of falls in the year prior to gait analysis, MMSE score, near vision and education level (years) were used as covariates in the data analysis.
Statistics
The participants' baseline characteristics were summarized using means and standard deviations or frequencies and percentages, as appropriate. The normality of the parameters' distribution was verified with skewness and kurtosis tests before and after applying the usual transformations to normalize non-Gaussian variables. Relative differences between usual walking [19] and dual task (DT)-related walking speeds were calculated as percentages of the mean according to the following formula: delta speed = [(UW speed -DT speed)/(UW speed ? DT speed)/2] 9 100. We used this calculated parameter because the decrease in motor performance between two conditions-i.e., single and dual task for walking speed and real and imagined conditions for TUG times-is strongly related to the level of performance of the reference task, which was in our study, respectively, the usual walking speed and the TUGr. Thus, the unique way to control the level of motor performance is to use a relative difference. Participants were categorized into two groups based on being in the lowest tertian (i.e., \33 %: group A corresponding to participants undisturbed by dual task) or not (i.e., C33 %: group B corresponding to participants disturbed by dual task) of the delta of walking speed (Table 1 ). In addition, relative differences between TUGr and TUGi times were calculated as percentages of the mean according to the following formula: delta time = [(TUGr -TUGi)/(TUGr ? TUGi)/ 2] 9 100.
Comparisons between groups were performed using independent or paired samples t test, or Chi-square, as appropriate. Univariate and multiple linear (i.e., fully and stepwise backward models) regression analyses were performed to specify the association between delta of TUG time (dependent variable) and baseline characteristics (independent variables). In multiple linear regression analyses, all baseline characteristics were selected in the models. P values \0.05 were considered statistically significant. All statistics were performed using the Stata Statistical Software release 15.0.
Results
All participants were able to complete the TUGr, the TUGi and all walks of gait analysis. As shown in Table 1 , comparisons between the groups showed that participants who were more disturbed by dual task (i.e., group B) were more frequently female (P = .018), had shorter height (P = .028), had a lower MMSE score (P = .001) and a lower education level (P = .047) than those who were undisturbed by dual task (i.e., group A). There were no significant differences between groups for the other characteristics. In both groups, the TUGi times were significantly shorter than the TUGr times (P \ 0.001). There were no significant differences between the groups for the TUGr (P = .169) and the TUGi (P = .839) times. The delta of TUG time was significantly greater in group B compared to group A (P \ .001) (Fig. 1) . Table 2 displays the results from univariate and multiple linear regressions showing the association between the delta of TUG time and the characteristics of participants. It shows that female gender and increased delta of walking speed were associated with an increase in the delta of TUG time (P = .001 and P \ 0.001), whereas an increase in height, MMSE score and education level were associated with a decrease in the delta of TUG time (respectively, P = .048, P = \.001 and P = .038). After adjustment for all covariables, only the increase in delta of walking speed (P = \.001) was significantly associated with the increase in delta of TUG time. Finally, stepwise backward regression showed that an increase in the number of medications taken daily (P = .017) and in the delta of walking speed (P = \.001) were associated with increased delta of TUG time, whereas an increased MMSE score (P = .030) was associated with a decrease in delta of TUG time.
Discussion
Our findings show that older adults who walked considerably slower while dual tasking compared to single tasking had a greater difference between real and imagined TUG times than those with less dual task-related gait interference.
Motor imagery is a well-known technique among athletes to improve functional outcome [20] . It has been used successfully in rehabilitation medicine to improve motor performance, for example in poststroke hemiparesis [15, 21, 22] . Several studies have examined the association between motor imagery and motor performance to investigate the neuro-anatomical correlates and the higher-level control of movement. Many of these studies have focused on relatively simple upper body movements, such as finger tapping, hand or eye movements [23] [24] [25] [26] . Participants were categorized in wo groups based on being in the lowes tertial (i.e. less than 33 %: group A) or not (i.e. equal or greater than 33 %: group B) of delta galt speed. Delta speed = [(UW speed -DT speed)/(UW speed ? DT speed)/2] 9 100 In a comparison of several functional brain imaging studies investigating the motor imagery of different aspects of gait, Malouin et al. [11] summarized those results by stating that imagined and actually performed locomotion activate cortical networks that greatly overlap. Several studies have proposed that dual task-related decreased walking speed is a marker of disturbed higher-level gait control leading to unsafe gait and falls [1] [2] [3] [4] . It has been recently proposed that discrepancies between TUGr and TUGi in older adults also represent disturbed higher-level gait control [7] . Thus, it is feasible that disturbances in these cortical networks could be detected both by actual motor and by motor imagery assessments. The results of the present study support this concept.
Mental chronometric studies in healthy adults showed similar times between real and imagined walking and that the time for both covert and overt walking increased with increased task difficulty [9, 11] . In our study, there were no significant differences in the real TUG times between groups A and B. This means that the TUG delta time difference between the groups was not due to overall worsened mobility in group B (the group with greater dual-task interference on gait speed) but rather due to differences in the imagined TUG times. In both groups A and B, the imagined TUG times were shorter than the real TUG times, meaning that for both groups imagined performance was faster than actual performance.
In our study, stepwise backward regression showed that polypharmacy (i.e., C4 drugs taken daily) was associated with increased TUG delta time. It has been reported that polypharmacy in transitionally frail older adults is closely correlated with dual task-related gait changes, such as decreased walking speed [27] . This, however, cannot sufficiently explain the association with increased TUG delta times shown in our results, since there were no significant differences between the TUGr times in our two groups. It may be that polypharmacy affects motor imagery ability in older adults.
Also in our results, stepwise backward regression revealed that an increased MMSE score (P = .030) was associated with a decrease in the delta of TUG time. This corroborates previous results [7] . Although the MMSE is a global measure of cognition, it is not a particularly good measure of executive function. Impaired executive function is often present in cognitive decline and is associated with impaired gait performance under dual-task conditions [1] [2] [3] . Cognitive deficits, particularly executive dysfunction, may, in part, account for the increased delta of TUG time in the group of participants with dual-task impaired gait.
There are some limitations to our study and the interpretation of our results. Since our participants were from different clinical settings, results may not be representative of other older adult populations. We did not stratify our results (deltas of walking speed and of TUG times) according to different age groups or levels of cognition, both of which may influence motor imagery ability [7] .
Conclusion
We show that a dual task-related decrease in walking speed is positively associated with large delta of TUG times (real versus imagined performance times) in older adults. Large discrepancies between real and imagined TUG times may represent disturbed higher-level control of locomotion, which can cause unsafe gait. We propose that these quick and clinically feasible tests, real and imagined TUG tests, could be used in various clinical settings to determine which older patients may have an underlying dual taskrelated gait disturbance and require an in-depth functional gait assessment. Early detection of gait impairment allows for timely and preventive interventions to improve gait before functional mobility declines and/or before a fall occurs.
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